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INTRODUCTION 

Coal i s  c o n s i d e r e d  one of  t h e  m o s t  v a l u a b l e  n a t u r a l  r e s o u r c e s  i n  
t h e  United S t a t e s .  C o a l  p r o d u c t i o n  i n  1976 amounted t o  665 m i l l i o n  
t o n s ,  and a t  such r a t e  o f  product ion  it could  l a s t  f o r  300 y e a r s  o r  
more. 

The e a r l i e s t  r e c o r d  of  p r o d u c t i o n  i n  t h e  U.S. w a s  i n  1 8 2 0  when 
3,000 t o n s  of c o a l  w e r e  produced. By comparison,  t o t a l  c o a l  produc- 
t i o n  i n  1976 was 665 m i l l i o n  t o n s ,  a b o u t  56% of  which w e r e  produced 
by s u r f a c e  mining methods ( F i g u r e  1). During t h e  p e r i o d  from 1939 t o  
1969, c o a l  p r o d u c t i o n  from underground mines d e c l i n e d  by a b o u t  3% 
from 357 m i l l i o n  t o n s  t o  347 m i l l i o n  t o n s ,  whereas  coal from s u r f a c e  
mines i n c r e a s e d  by 413%, from 38 m i l l i o n  t o n s  i n  1939 t o  1 9 5  m i l l i o n  
t o n s  i n  1969. 

The e lec t r ic  u t i l i t i e s  are t h e  major  u s e r s  o f  coal i n  t h e  U.S. 
The U . S .  Bureau of  Mines (1) r e p o r t s  t h a t  390 m i l l i o n  t o n s  o f  coal 
( a b o u t  65% of  t h e  t o t a l  p r o d u c t i o n )  w e r e  burned i n  e lec t r ic  power 
p l a n t s  i n  1974 and t h e  t r e n d  f o r  coal u s e  by u t i l i t i e s  i s  p r o j e c t e d  
t o  increase t o  800 m i l l i o n  tons  i n  1985 ( 2 ) .  

I n  A p r i l  1977, P r e s i d e n t  Car te r  announced h i s  N a t i o n a l  Energy 
Plan  w i t h  s p e c i f i c  p r o p o s a l s  aimed a t  s o l v i n g  t h e  n a t i o n ' s  e n e r g y  
problems.  I n  o r d e r  t o  reduce  U.S. dependence on o i l  i m p o r t s ,  one o f  
t h e  major  p r o p o s a l s  of t h e  Nat iona l  Energy P l a n  i s  t o  i n c r e a s e  c o a l  
p r o d u c t i o n  t o  1 ,265  m i l l i o n  t o n s  i n  1985,  an i n c r e a s e  o f  90% o v e r  
1976 l e v e l .  Long-range p l a n s  of  t h e  c o a l  i n d u s t r y ,  w i t h o u t  t h e  new 
p l a n ,  c a l l  f o r  an i n c r e a s e  i n  c o a l  p r o d u c t i o n  t o  a b o u t  1 ,040  m i l l i o n  
t o n s  by 1985, about  t w o - t h i r d s  o f  which would be mined i n  the  E a s t  
and a b o u t  o n e - t h i r d  i n  t h e  W e s t  ( F i g u r e  2 ) .  C l e a r l y ,  t h e  major  ex- 
pans ion  i n  p r o d u c t i o n  w i l l  occur  i n  t h e  West, i n c r e a s i n g , b y  f o u r f o l d  
from 92 m i l l i o n  t o n s  i n  1974 t o  a b o u t  380 m i l l i o n  t o n s  i n  1985. T h e  
N a t i o n a l  Energy P l a n ,  on t h e  o t h e r  hand,  proposes  t o  reduce  t h e  s h a r e  
o f  t o t a l  p roduct ion  t o  be mined i n  t h e  W e s t  and i n c r e a s e  t h e  s h a r e  
t h a t  w i l l  be  mined i n  t h e  E a s t .  I n  both  p l a n s , ' h o w e v e r ,  new develop-  
ments f o r  meet ing p r o d u c t i o n  g o a l s  w i l l  be c o n c e n t r a t e d  i n  s u r f a c e  
mining o p e r a t i o n s ,  amounting t o  o v e r  75% of  t h e  new f a c i l i t i e s  ( 3 ) .  

Coal  mining and c o a l  convers ion  have s i g n i f i c a n t  impacts  on t h e  
environment  o f  a r e g i o n ,  some of  them a r e  i r r e v e r s i b l e  and permanent. 
They i n c l u d e  a d v e r s e  impacts  on: water q u a l i t y  and q u a n t i t y ,  topog- 
raphy,  s o i l  e r o s i o n ,  s u r f a c e  subs idence ,  l and  u s e ,  l a n d s c a p e  aes- 
t h e t i c s ,  a i r  p o l l u t i o n  and a s s o c i a t e d  h e a l t h  e f f e c t s ,  as w e l l  as 
social  and economic impacts .  Some o f  t h e s e  impacts  are n o t  p r e s e n t l y  
r e g u l a t e d .  

ENVIRONMENTAL IMPACTS O F  SURFACE COAL M I N I N G  

Water Q u a l i t y  

d r a i n a g e  which a f f e c t s  water q u a l i t y  by lowering pH, i n c r e a s i n g  t o t a l  
D e t e r i o r a t i o n  o f  water q u a l i t y  r e s u l t s  mainly from a c i d  mine 
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d i s s o l v e d  s o l i d s  and adding  u n d e s i r a b l e  amounts of heavy m e t a l s  and 
s u l f a t e s  ( 4 ,  5 ) .  Table  1 l i s t s  some examples of a c i d  mine d r a i n a g e  
from s u r f a c e  c o a l  mines i n  f o u r  r e g i o n s .  

Table  1 
Examples of  Mine Drainage 

From S u r f a c e  Coal Mines ( A f t e r :  H i l l  ( 6 ) )  

Southwes tern  Western S o u t h e a s t e r n  Northern 

PH 5.7 3 . 2  2.7 3.0 
A c i d i t y ,  mg/l 0 152 1,620 870 

Hardness ,  mg/l 1 , 7 8 0  - - - 
I r o n ,  mg/l 0 .4  9.4 1 3 0  1 5  

I n d i a n a  Pennsylvania  I l l i n o i s  West V i r g i n i a  

A l k a l i n i t y ,  mg/l 170 0 0 0 

S u l f a t e ,  mg/l 850 499 - 1 , 7 4 2  
C h l o r i d e ,  mg/l 7 - - - 
Manganese, mg/l 7.8 - - - 
Calcium, mg/l 328 - - - 
Aluminum, mg/l 6 0  

P o l l u t i o n  by a c i d  mine d r a i n a g e  i n c r e a s e s  t h e  c o s t  of  water  
t r e a t m e n t ,  d e s t r o y s  a q u a t i c  l i f e  ( 7 ) ,  i n h i b i t s  t h e  use  of  waterways 
f o r  r e c r e a t i o n  and d e c r e a s e s  a e s t h e t i c  v a l u e s .  The major problems of  
a c i d  mine d r a i n a g e  o c c u r  i n  t h e  a n t h r a c i t e  and bi tuminous c o a l  re- 
g i o n s  i n  Appalachia .  I n  1964, t h e  U.S. F i s h  and W i l d l i f e  S e r v i c e  re- 
p o r t e d  t h a t  a c i d  mine d r a i n a g e  a d v e r s e l y  a f f e c t e d  5,890 m i l e s  of 
streams and 14 ,967  acres of impoundments i n  20 s t a t e s  ( 7 ) .  Of t h e  
t o t a l  a f f e c t e d  w a t e r s ,  c o a l  mining o p e r a t i o n s  accounted f o r  97% of 
t h e  AMD p o l l u t i o n  r e p o r t e d  f o r  streams and 93% of  t h a t  r e p o r t e d  f o r  
impoundments. I n  1970 ,  more than  1 2 , 0 0 0  m i l e s  o f  s t r e a m s  i n  t h e  U . S .  
w e r e  s i g n i f i c a n t l y  degraded  by mining r e l a t e d  p o l l u t i o n  ( 8 ) .  Of 
t h e s e ,  10,516 m i l e s  or  approximate ly  88% were l o c a t e d  i n  Appalachia .  

- - - 

Western c o a l ,  g e n e r a l l y ,  c o n t a i n s  l i t t l e  p y r i t e  and t h e  stream 
waters and so i l s ,  i n  t h e  West, a r e  o f t e n  h i g h l y  a l k a l i n e  r e s u l t i n g  i n  
t h a t  a c i d  mine d r a i n a g e  i s  n o t  a s  g r e a t  a problem as  it i s  i n  t h e  
E a s t .  However, h i g h  d i s s o l v e d  s o l i d s  c o n t e n t  and heavy metals remain 
a problem r e s u l t i n g  i n  a d v e r s e  impacts  on t h e  b e n e f i c i a l  use  of water 
i n  t h e  West, s p e c i a l l y  on a g r i c u l t u r e .  I n  a d d i t i o n ,  s h a l e s  o v e r l y i n g  
Paleocene c o a l s  i n  t h e  Nor thern  Great  P l a i n s  may c o n t a i n  between 300- 
500 ppm t o t a l  n i t r o g e n  which could  c a u s e  a b u i l d u p  of n i t r a t e  i n  s u r -  
f a c e  and ground w a t e r  around r e f u s e  p i l e s  ( 9 ) .  

Another a s p e c t  o f  stream p o l l u t i o n  i n v o l v e s  i n c r e a s e d  sediment  
l o a d s  r e s u l t i n g  from d e s t r u c t i o n  of v e g e t a t i v e  c o v e r s ,  s t e e p  s l o p e s ,  
d i s r u p t i o n  of s o i l  s t r u c t u r e  and compaction which i n c r e a s e s  e r o s i o n  
p o t e n t i a l ,  and f r o m  r e f u s e  and c o a l  s t o r a g e  p i l e s .  Sediment y i e l d s  of 
as  much a s  1 , 0 0 0  t i m e s  t h e i r  former l e v e l s  have been r e p o r t e d  from 
s u r f a c e  mined r e g i o n s  i n  Kentucky (10). 

P l a n ,  i s  expec ted  to  r e s u l t  i n  an i n c r e a s e  of  107% f o r  t o t a l  d i s -  
s o l v e d  s o l i d s  i n  t h e  n a t i o n ' s  w a t e r s  by t h e  y e a r  2000 o v e r  t h e i r  1975 
l e v e l s  (11). Runoff from c o a l  mining o p e r a t i o n s  is p r o j e c t e d  t o  ac- 
c o u n t  f o r  3 0 %  of  d i s s o l v e d  s o l i d s  r e l e a s e s  i n  2 0 0 0 .  I n  t h e  semi-ar id  
W e s t ,  t o t a l  d i s s o l v e d  s o l i d s  from c o a l  e x t r a c t i o n ,  c l e a n i n g  and con- 
v e r s i o n  a r e  e x p e c t e d  to  i n c r e a s e  f i v e f o l d  i n  t h e  same 25-year p e r i o d .  

Increased  coal p r o d u c t i o n ,  as proposed i n  t h e  N a t i o n a l  Energy 
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Water Q u a n t i t y  

Surface  streams are a f f e c t e d  through decreased  s u r f a c e  r u n o f f  
th rough d i v e r s i o n s  and seepage.  I n  t h e  semi-ar id  West, most streams 
are i n t e r m i t t e n t  o r  have v e r y  l i t t l e  f low d u r i n g  d r y  s e a s o n s .  Accord- 
i n g l y ,  t h e r e  i s  l i t t l e  stream flow a v a i l a b l e  f o r  d i l u t i o n  o f  mine 
d r a i n a g e .  Heavy sediment  l o a d s  d u r i n g  p e r i o d s  of  h igh  f low can have 
a d v e r s e  e f f e c t s  on i m p o r t a n t  a q u i f e r s  downstream from a s t r i p p i n g  
o p e r a t i o n .  F i n e  s i l t  and c l a y  from r e f u s e  p i l e s  can r e s u l t  i n  s u r -  
f a c e  s e a l i n g  and r e d u c t i o n  o f  t h e  i n f i l t r a t i o n  c a p a c i t y  of  t h e  s o i l s .  

Sur face  mining o p e r a t i o n s  may d i s r u p t  groundwater f l o w  p a t t e r n s  
as w e l l  as n a t u r a l  r e c h a r g e  a r e a s .  I n  some c a s e s  a c o a l  seam a c t s  a s  
an a q u i f e r  t h a t  can be d r a i n e d  by t h e  mining a c t i v i t y  (12.). Accord- 
i n g l y ,  groundwater s u p p l i e s  above and below t h e  c u t  may be d e p l e t e d  
t e m p o r a r i l y  or permanent ly  ( F i g u r e  3 ) .  I n  the W e s t ,  a l l u v i a l  a q u i -  
f e r s  a r e  an i m p o r t a n t  s o u r c e  f o r  i r r i g a t i o n  w a t e r .  I n  a d d i t i o n ,  
sha l low a l l u v i a l  a q u i f e r s  s e r v e  t o  b u f f e r  s e a s o n a l  f l u c t u a t i o n s  i n  
s u r f a c e  runoff  and reduce  f l o o d  peaks  through bank s t o r a g e .  

Mine l o c a t i o n  r e l a t i v e  t o  a q u i f e r s  could  p l a y  a major role  i n  
minimizing t h e  impacts  o f  a s u r f a c e  mine o r  ground w a t e r  r e s o u r c e s  
( 1 3 ) .  F i g u r e  4 shows t h a t  t h e  mine l o c a t e d  a t  t h e  l e f t  w i l l  cause  
both  l o c a l  and r e g i o n a l  e f f e c t s  on t h e  water  r e s o u r c e  w h i l e  l o c a t i n g  
t h e  mine a t  t h e  o u t c r o p  of  an a q u i f e r  (mine l o c a t i o n  a t  t h e  r i g h t )  
w i l l  have o n l y  l o c a l  impacts  on ground water .  

I n  addi . t ion t o  t h e  e f f e c t s  on s u r f a c e  and ground w a t e r  r e s o u r c e s ,  
s u r f a c e  mining o f  w e s t e r n  coal would a l s o  i n t e n s i f y  e x i s t i n g  demand 
and compet i t ion  f o r  s c a r c e  w a t e r  r e s o u r c e s .  P o t e n t i a l  problems i n -  
c l u d e  water  d e p l e t i o n  f o r  s u r f a c e  r e c l a m a t i o n  and f o r  r a p i d  i n c r e a s e  
i n  p o p u l a t i o n .  

Topography 

t h e  c r e a t i o n  of  new ones a s  w e l l  a s  by i n c r e a s e d  s l o p e  a n g l e s .  
Mois ture-ca tch ing  d e p r e s s i o n s  and p i t s  i n c r e a s e  t h e  p o t e n t i a l  o f  a c i d  
mine d r a i n a g e  p r o d u c t i o n  i n  t h e  E a s t  and may cause  s u r f a c e  accumula- 
t i o n  of  s a l t  i n  t h e  West. I t  should  a l s o  be mentioned t h a t  a c t i o n s  
which change t h e  topography of  an a r e a  a l s o  i n f l u e n c e  t h e  s u r f a c e  and 
s u b s u r f a c e  d r a i n a g e  p a t t e r n s  of t h a t  a r e a .  I n  t h e  Wilkes-Barre a r e a  
i n  t h e  Northern A n t h r a c i t e  F i e l d  of  n o r t h e a s t e r n  Pennsylvania ,  s u r -  
f a c e  mining a long  t h e  r i d g e s  on both  s i d e s  of  t h e  Wyoming V a l l e y  w i t h  
i t s  a t t e n d a n t  unreclaimed p i t s  t h a t  c o n t i n u a l l y  c o l l e c t  w a t e r  from 
p r e c i p i t a t i o n  and from upward movement of  ground water  have r e s u l t e d  
i n  a r ise i n  t h e  ground w a t e r  t a b l e  i n  t h e  v a l l e y  f l o o r  c a u s i n g  base- 
ment f l o o d i n g  i n  many homes. 

A i r  P o l l u t i o n  

form of  a i r b o r n e  p a r t i c u l a t e  m a t t e r  from s i l t  ponds and r e f u s e  banks,  
and g a s e s  from culm ( r e f u s e )  bank f i r e s .  The most t o x i c  g a s e s  a r e  
carbon monoxide (CO) , carbon d i o x i d e  ( C O z ) ,  hydrogen s u l f i d e  ( H 2 S ) ,  
s u l f u r e  d i o x i d e  ( S O 2 ) ,  and ammonia (14). These g a s e s  i n  a d d i t i o n  t o  
smoke and minute  d u s t  p a r t i c l e s  have i n  many i n s t a n c e s  proven f a t a l  
t o  v e g e t a t i o n ,  a h e a l t h  hazard  t o  humans, and caused d e t e r i o r a t i o n  of 
sur rounding  b u i l d i n g s  and s t r u c t u r e s .  

Topography i s  modi f ied  by t h e  e l i m i n a t i o n  of  o l d  landforms and 

A i r  p o l l u t i o n  as a r e s u l t  o f  s u r f a c e  mining i s  p r i m a r i l y  i n  t h e  
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I n  1968, t h e  U . S .  Bureau o f  Mines r e p o r t e d  2 9 2  burn ing  c o a l  
r e f u s e  banks t h r o u g h o u t  t h e  Uni ted  S t a t e s  cover ing  o v e r  3,200 acres 
( 1 4 ) .  I n  comparison,  495 c o a l  r e f u s e  banks w e r e  burn ing  i n  1963, i n  
1 5  o u t  of  t h e  2 6  c o a l - p r o a u c i n g  s t a t e s .  

S o c i a l  and Economic Impacts  

od of t i m e  in to  s p a r s e l y  p o p u l a t e d  areas, a t t r a c t e d  by mining a c t i v i -  
t i e s  and e n e r g y - r e l a t e d  developments ,  r e s u l t s  i n  s i g n i f i c a n t  s o c i a l  
and economic impacts .  The i n f l u x  of money and j o b s  d u r i n g  t h e  h e i g h t  
of  t h e  mining o p e r a t i o n s  and r e l a t e d  a c t i v i t i e s  b r i n g s  a l o n g  an eco- 
nomic boom and h i g h  i n f l a t i o n  t h a t  on ly  t u r n s  i n t o  a b u s t  when t h e  
o p e r a t i o n  i s  completed.  Many of t h e  pover ty  s t r i c k e n  areas of  
Appalachia  a r e  l i v i n g  examples of such p r o c e s s .  G i l l e t t e  and Rock 
S p r i n g s ,  Wyoming, a r e  good examples of  present -day  boom towns. The 
l a s t  examples are c a u s e  f o r  concern when p o t e n t i a l  massive develop-  
ment of  western coal i s  c o n s i d e r e d .  The Northern Great P l a i n s  i s  a 
v a s t ,  r u r a l ,  s p a r s e l y - s e t t l e d  r e g i o n .  The p o p u l a t i o n  o f  Campbell 
County, Wyoming, i s  e x p e c t e d  t o  i n c r e a s e  s i x f o l d  t o  7 0 , 1 0 0  by t h e  
y e a r  2000 i f  development  proceeds  as p r o j e c t e d  ( 1 5 ) .  Most of  t h i s  
growth w i l l  o c c u r  i n  G i l l e t t e  which can be  expec ted  t o  r e a c h  a popu- 
l a t i o n  of 65,000 by t h e  y e a r  2000 ( F i g u r e  5 ) .  The c o m p e t i t i o n  f o r  
l a b o r  by c o a l - r e l a t e d  i n d u s t r y  i n  t h i s  area w i l l  have a d i r e c t  e f f e c t  
on p r e s e n t  i n d u s t r y .  A g r i c u l t u r e  i s  t h e  p r e s e n t  economic b a s e  of 
much of t h e  N o r t h e r n  Grea t  P l a i n s .  

The i n f l u x  o f  l a r g e  numbers o f  people  i n  a r e l a t i v e l y  s h o r t  p e r i -  

ENVIRONMENTAL IMPACTS O F  UNDERGROUND COAL M I N I N G  

Acid Mine Drainage 

Abandoned underground c o a l  mines and abandoned mine w a s t e  d i s -  
p o s a l  s i t es  c o n t r i b u t e  a l a r g e  p o r t i o n  of t h e  a c i d  mine d i s c h a r g e .  
Of t h e  s o u r c e s  of  a c i d  mine d r a i n a g e  l o c a t e d  and d e s c r i b e d  i n  Appa- 
l a c h i a  by t h e  F e d e r a l  Water P o l l u t i o n  C o n t r o l  A d m i n i s t r a t i o n  between 
1964 and 1 9 6 8 ,  abandoned underground c o a l  mines w e r e  found t o  c o n t r i -  
b u t e  52% of t h e  t o t a l  a c i d  d i s c h a r g e  t o  streams ( 8 ) .  I n  1973,  a c i d  
d i s c h a r g e  from abandoned e a s t e r n  unaerground coal mines t o t a l e d  m o r e  
t h a n  5 m i l l i o n  lb . /day which w a s  t h e  l a r g e s t  s i n g l e  s o u r c e  of  AMD i n  
t h e  U . S .  (16). 

The l a r g e  volume o f  AMD from abandoned underground mines i s  at-  
t r i b u t e d  t o  f r a c t u r i n g  or g e n e r a l  subs idence  o f  o v e r l y i n g  s t r a t a  
r e s u l t i n g  i n  i n c r e a s e d  ve r t i ca l  p e r m e a b i l i t y  and f low o f  l a r g e  volumes 
of  water i n t o  t h e  mine v o i d  ( F i g u r e  6 ) .  

Cont ro l  o f  acid mine d r a i n a g e  from f u t u r e  underground mining 
o p e r a t i o n s  could  be  accomplished through p r o p e r  s e l e c t i o n  o f  mining 
t e c h n i q u e s ,  w a t e r  h a n d l i n g  and mine s e a l i n g .  Downdip mining i n -  
v o l v e s  t h e  l o c a t i o n  o f  mine openings  a t  a h i g h  e l e v a t i o n  i n  t h e  seam 
w h i l e  development proceeds  downdip. Flooding of  t h e  mine i s  auto-  
m a t i c  a f t e r  comple t ion  of t h e  mining o p e r a t i o n  t h u s  i s o l a t i n g  s u l f i d e  
m i n e r a l s  i n  t h e  m i n e ,  minimizing o x i d a t i o n  and r e s u l t i n g  i n  b e t t e r  
q u a l i t y  d i s c h a r g e s  t h a n  h a s  o c c u r r e d  f r o m  t h e  abandoned mines t h a t  
w e r e  developed updip  ( 1 6 ) .  Longwall mining should  a lso be  an e f f e c -  
t i v e  method of  improving q u a l i t y  o f  mine d r a i n a g e .  C o n t r o l l e d  f r a c -  
t u r i n g  and c a v i n g  of t h e  roof  behind  t h e  advancing f a c e  r e d u c e s  v o i d  
space  and i n h i b i t s  t h e  o x i d a t i o n  o f  s u l f i d e s  i n  t h e  mine. 
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Subsidence 

are room and p i l l a r  and longwal l .  I n  room and p i l l a r  mining opera-  
t i o n s ,  f a i l u r e  of  one o r  more roof  s u p p o r t s  and f a i l u r e  due  t o  over -  
burden loading  on broad  roof  spans  between s u p p o r t i n g  columns r e s u l t  
i n  c o l l a p s e  of t h e  o v e r l y i n g  s t r a t a  and s u r f a c e  subs idence .  The ex- 
t e n t  of  t h e  subs idence  zone and t h e  n a t u r e  of  subs idence  v a r y  from 
a r e a  t o  a r e a  and depend mainly on t h e  t y p e  of  mining,  w i d t h  of t h e  
mined-out a r e a ,  t h i c k n e s s  of  t h e  c o a l  s e a m ,  and t h e  d e p t h  and charac-  
terist ics of t h e  overburden.  

The t w o  p r i n c i p a l  underground methods of  coal mining i n  t h e  U.S .  

Sur face  subs idence  may r e s u l t  i n  e x c e s s i v e  damage i n  h i g h l y  
developed urban areas. Good examples e x i s t  i n  n o r t h e a s t e r n  and i n  
w e s t e r n  Pennsylvania .  Other  l a n d  u s e s  are u s u a l l y  less s e v e r e l y  a f -  
f e c t e d .  In  g e n e r a l ,  l a t e r a l  stresses r e s u l t  i n  more s e v e r e  damage 
t h a n  v e r t i c a l  movement, and t h e y  are most i n t e n s e  a t  t h e  p e r i p h e r y  of 
t h e  subs idence  a r e a  ( 1 7 ) .  

S o l i d  Waste (Refuse Banks) 

t h r e e  b i l l i o n  t o n s  o f  r e f u s e ,  i n  t h e  e a s t e r n  c o a l  f i e l d s  a l o n e .  Pro- 
d u c t i o n  of  s o l i d  w a s t e  from a l l  c o a l  mining i n  1973 to ta led  a b o u t  110 
m i l l i o n  t o n s .  A s t u d y  by t h e  Bureau of  Mines e s t i m a t e s  t h a t  between 
1930 and 1971, a lmost  166,000 acres of  l a n d  w e r e  u t i l i z e d  for  d i s p o s a l  
o f  underground mining and p r o c e s s i n g  wastes ( 1 8 ) .  Of t h e  t o t a l ,  o n l y  
2 0 , 0 0 0  a c r e s  w e r e  rec la imed.  

There are between 3,000 and 5,000 r e f u s e  banks,  c o n t a i n i n g  o v e r  

Refuse banks a r e  a p o t e n t i a l  s o u r c e  o f  a i r  and w a t e r  p o l l u t i o n .  
When i g n i t e d ,  t h e y  p r o v i d e  noxious  and l e t h a l  g a s e s  as mentioned be- 
f o r e .  Water p o l l u t i o n  r e s u l t s  from sediment  and a c i d  mine d r a i n a g e .  

Underground d i s p o s a l  of  c o a l  mine waste i s  a v i a b l e  a l t e r n a t i v e  
t o  t h e i r  d i s p o s a l  on t h e  s u r f a c e  and l i m i t s  l and  use impacts .  How- 
e v e r ,  exper ience  i n  t h i s  f i e l d  h a s  been l i m i t e d  i n  t h e  U . S .  

Increased  c o a l  p r o d u c t i o n  i m p l i e s  i n c r e a s e d  s o l i d  waste t h a t  i s  
n e i t h e r  u t i l i z e d  a t  p r e s e n t  n o r  d i s p o s e d  back underground. The Bureau 
o f  Mines estimates t h a t  about  1 0  acres o f  land  are u t i l i z e d  f o r  d i s -  
p o s a l  o f  c o a l  mine and p r e p a r a t i o n  p l a n t  w a s t e s  f o r  e v e r y  m i l l i o n  t o n s  
o f  c o a l  produced ( 1 7 ) .  I t  i s  e s t i m a t e d  t h a t  coal mining wastes w i l l  
n e a r l y  double between 1975 and 1985 (11). However, under  t h e  proposed 
N a t i o n a l  Energy P l a n ,  t h e y  w i l l  n e a r l y  t r i p l e  between 1975 and 2000.  
About t h r e e - f o u r t h s  of  t h e  wastes are expec ted  t o  occur  i n  t h e  e a s t e r n  
r e g i o n s .  

Abandoned Mine F i r e s  
U.S. Bureau of  Mines f i g u r e s  show t h a , t  a s  o f  January  1973,  t h e r e  

were 59 u n c o n t r o l l e d  abandoned mine f i r e s  i n  Appalachia  and a b o u t  185 
u n c o n t r o l l e d  f i r e s  i n  t h e  w e s t e r n  r e g i o n s .  Abandoned underground 
mine f i r e s  have s e v e r e  land  u s e  i m p l i c a t i o n s .  They r e s u l t  i n  s u r f a c e  
subs idence  w h i l e  t h e  r e l e a s e  of  t o x i c  g a s e s  i s  a hazard  t o  human 
h e a l t h  and t o  v e g e t a t i o n .  

ENVIRONMENTAL IMPACTS O F  COAL TRANSPORTATION 

The bulk of c o a l  produced i n  the U . S .  i s  p r e s e n t l y  b e i n g  t r a n s -  
p o r t e d  mainly by r a i l  ( 6 5 % ) ,  b a r g e s  (ll%), t r u c k s  (13%) and Great 
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Lakes c o l l i e r s  ( 3 % ) .  I n  a d d i t i o n ,  t r a n s p o r t a t i o n  of  c o a l  by  s l u r r y  
p i p e l i n e s  h a s  been proposed a s  a method f o r  moving l a r g e  tonnage o f  
w e s t e r n  c o a l  over  g r e a t  d i s t a n c e s .  

R a i l  i s  t h e  p r i m a r y  method f o r  c o a l  t r a n s p o r t a t i o n  i n  t h e  U . S .  
A l l  r a i l  movements t o t a l e d  o v e r  290 m i l l i o n  t o n s  i n  1973, a 4 1 %  i n -  
c r e a s e  since 1962 ( 1 8 ) .  The m o s t  s i g n i f i c a n t  envi ronmenta l  impacts  
a s s o c i a t e d  w i t h  r a i l r o a d  t r a f f i c  i n c l u d e :  n o i s e ,  a i r  p o l l u t i o n  and 
conges t ion .  I n c r e a s e d  c o a l  product ion  and t r a n s p o r t a t i o n  w i l l  o n l y  
i n t e n s i f y  t h e s e  i m p a c t s ,  p a r t i c u l a r l y  c o n g e s t i o n  problems i n  wes tern  
towns. 

The c h a n n e l i z a t i o n  of s t r e a m s ,  c o n s t r u c t i o n  o f  c a n a l s  and dredg- 
i n g  and d i s p o s a l  of  dredged  s p o i l s  i n  connec t ion  w i t h  c o n s t r u c t i o n  
and maintenance of waterways f o r  b a r g e s  have a d v e r s e  impacts  on w a t e r  
q u a l i t y  and i n  many c a s e s  h a s  r e s u l t e d  i n  t h e  d e s t r u c t i o n  of f r e s h  o r  
c o a s t a l  wet lands .  

The major e n v i r o n m e n t a l  impacts  of t r u c k s  are a i r  p o l l u t i o n ,  
n o i s e ,  highway s a f e t y  and c o n g e s t i o n .  I n  a d d i t i o n ,  i n c r e a s e d  t r u c k  
t r a f f i c  t o  accommodate t h e  planned doubl ing  i n  c o a l  p r o d u c t i o n  might 
n e c e s s i t a t e  new c o n s t r u c t i o n  of  highways w i t h  t h e i r  a t t e n d a n t  envi ron-  
menta l  i m p a c t s .  

The major e n v i r o n m e n t a l  impacts  of c o a l  s l u r r y  p i p e l i n e s  are a l -  
m o s t  e n t i r e l y  r e l a t e d  t o  t h e i r  use o f  w a t e r .  They i n v o l v e  w a t e r  
d e p l e t i o n  and w a t e r  q u a l i t y  d e g r a d a t i o n .  Proposed s l u r r y  p i p e l i n e s  
a r e  expec ted  t o  o b t a i n  t h e i r  water from ground water  s o u r c e s .  S i n c e  
one t o n  of w a t e r  i s  needed t o  move one t o n  o f  c o a l ,  massive amounts of 
w a t e r ,  i n  a r e g i o n  t h a t  is normally s h o r t  i n  w a t e r  supply ,  are needed 
t o  t r a n s p o r t  o v e r  100  m i l l i o n  t o n s  o f  coal a y e a r .  Without adequate  
ground water  management p l a n s ,  t h e  c o n s t r u c t i o n  o f  s l u r r y  p i p e l i n e s  i n  
t h e  W e s t  could r e s u l t  i n  s i g n i f i c a n t  ground water  problems as w e l l  a s  
w a t e r  q u a n t i t y  and q u a l i t y  problems f o r  s u r f a c e  streams connected  wi th  
t h e  d i s t u r b e d  a q u i f e r s .  

ENVIRONMENTAL IMPACTS OF COAL CONVERSION 

A i r  p o l l u t i o n  is t h e  most s e r i o u s  envi ronmenta l  problem a s s o c i -  
a t e d  w i t h  t h e  c o n v e n t i o n a l  burn ing  of c o a l .  I n  1974, 390 m i l l i o n  t o n s  
of coal iabout 65% of t h e  t o t a l  p r o d u c t i o n )  were burned by e lec t r ic  
u t i l i t i e s  for  power g e n e r a t i o n .  By 1985,  t h i s  f i g u r e  i s  p r o j e c t e d  t o  
double  t o  a b o u t  800 m i l l i o n  t o n s .  A t  p r e s e n t ,  n e a r l y  t w o - t h i r d s  of  
t h e  s u l f u r  o x i d e s  and o n e - t h i r d  o f  t h e  p a r t i c u l a t e  m a t t e r  e m i t t e d  i n t o  
t h e  atmosphere are from burn ing  c o a l  f o r  e l e c t r i c  power g e n e r a t i o n .  
I n  a d d i t i o n ,  s i g n i f i c a n t  amounts of  n i t r o g e n  ox'ides, carbon monoxide 
and hydrocarbons a r e  a l s o  e m i t t e d  i n  t h e  c o a l  b u r n i n g  p r o c e s s .  A l l  of 
t h e s e  p o l l u t a n t s  are known t o  have a d v e r s e  impacts  on human h e a l t h .  
Carbon d i o x i d e  i s  a l s o  r e l e a s e d  i n  t h e  c o a l  combustion p r o c e s s .  There 
i s  mounting concern t h a t  carbon d i o x i d e  b u i l d u p  i n  t h e  atmosphere may 
r e s u l t  i n  a "greenhouse"  e f f e c t  caus ing  g l o b a l  c l imat ic  changes.  I t  
is i m p o r t a n t  t h a t  knowledge of  t h e  long-term e f f e c t s  of coal develop-  
ment be improved b e f o r e  i r r e v e r s i b l e  e f f e c t s  a r e  encountered .  

G a s i f i c a t i o n  and l i q u e f a c t i o n  o f  c o a l  may o f f e r  major a i r  q u a l i -  
t y  advantages f o r  c u r r e n t l y  r e g u l a t e d  p o l l u t a n t s .  However, they  
p r e s e n t  u n c e r t a i n ,  p o t e n t i a l l y  s e r i o u s  h a z a r d s  f o r  p o l l u t a n t s  t h a t  a r e  
n o t  y e t  r e g u l a t e d  (19), p a r t i c u l a r l y  o r g a n i c  compounds t h a t  are proven 
carc inogens .  
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Major increases in electricity generation from conventional coal 
combustion could have great adverse air quality consequences in the 
absence of improved combustion and pollution control technologies. In 
this regard, the National Energy Plan proposes that best available 
control technology (BACT) be required on all new coal-burning facili- 
ties. The same provision has been included in the Clean Air Act 
Amendments of 1977. Yet, it is projected that sulfur oxides and 
nitrogen oxides will be higher in 1985 and 2000 than in 1975 (11). In 
the year 2000, sulfur oxides are projected to be about 12% higher and 
nitrogen oxides about 61% higher than in 1975. If SO, and NOx are to 
be reduced, continued improvements in BACT will be required. In 
addition, with planned and proposed increase in coal utilization, in- 
creasing amounts of sludges and spent ashes from coal combustion faci- 
lities may present a solid waste disposal problem and these wastes may 
cause a significant potential leachate problem (11). It is projected 
that in 2000, non-combustible solid wastes from coal burning would 
increase to 2.7 times the 1975 level and sludges would increase to 8.5 
times the 1975 levels (11). 

POLICY CONSIDERATIONS 

From an environmental standpoint, coal is clearly the dirtiest of 
all fossil fuels. Severe environmental problems are associated with 
every phase of the fuel cycle. Table 2 presents a summary of key en- 
vironmental issues associated with coal mining, preparation, trans- 
portation and conventional combustion. 

Energy Process Key Environmental Issues 
Coal Mining Stabilization/disposal of 

underground mining wastes 
Reclamation of strip-mined 
land 
Acid mine drainage 
Alkaline mine drainage 
Occupational health and 
safety 
- underground mining 
- surface mining 

Coal Benefici- Suspended solid runoff 
ation (final EPA regulations may 

be less stringent than 
those assumed in study) 

Coal Transpor- Occupational and public 
tation health and safety issues 

(rail accidents) 
Particulate emissions 

Conventional Coal 
Combustion 
-Elec. Utilities Ash and sludge disposal 
-1ndust. Boilers SO, emissions 

Regions of Concern 
Regions 3,4,5 

Water scarce Regions 
6,8, parts of 4 
Regions 3,4,5 
Primarily Region 8 

Regions 3,4,5 
Regions 4,6,8 
Regions 3,4,5,8 

Primarily Regions 3,4, 
5 

Highest in Region 5 

Urban areas 
Reg. 5 (highest), Reg. 
6 (largest increases) 



The proposed N a t i o n a l  Energy P l a n ,  whi le  it " i n t e n d s  t o  a c h i e v e  
i t s  energy g o a l s  w i t h o u t  endanger ing  t h e  p u b l i c  h e a l t h  o r  degrading  
t h e  environment ,"  i t s  o n l y  s p e c i f i c  p r o p o s a l s  f o r  envi ronmenta l  pro- 
t e c t i o n  concern s t r i p  mining r e c l a m a t i o n  and a i r  p o l l u t a n t s  f o r  which 
p r e s e n t  c r i t e r i a  e x i s t .  However, c o n v e n t i o n a l  coal combustion and 
convers ion  t o  s y n t h e t i c  gaseous  and l i q u i d  f u e l s  may r e s u l t  i n  a much 
g r e a t e r  range of  s o c i a l  and envi ronmenta l  impacts  t h a n  t h o s e  p r e s e n t l y  
r e g u l a t e d .  I n  t h e  s h o r t  t e r m ,  t h e r e  can be  some temporary t r a d e - o f f s  
between c o a l  development  and envi ronmenta l  p r o t e c t i o n .  However, i n  
t h e  process o f  s o l v i n g  t h i s  n a t i o n ' s  energy problems,  w e  must s e e k  t o  
a v o i d  i r r e v e r s i b l e  and permanent damage t o  t h e  n a t u r a l  and human en- 
vironment .  

T h e  envi ronmenta l  impacts  o f  i n c r e a s e d  coal p r o d u c t i o n  and u t i l i -  
z a t i o n ,  p a r t i c u l a r l y  w i t h  p r e s e n t  technology,  are c l e a r l y  unacceptab le .  
I n  o r d e r  t o  minimize envi ronmenta l  damages more emphasis must be 
p l a c e d  upon energy  c o n s e r v a t i o n  and slower energy growth. While t h e  
proposed N a t i o n a l  Energy P l a n  r e p r e s e n t s  a s t e p  forward i n  t h a t  d i r e c -  
t i o n ,  i t  c o u l d  have gone a good d e a l  f a r t h e r .  Energy c o n s e r v a t i o n  i s  
more e x p e d i e n t  t h a n  d e v e l o p i n g  new s o u r c e s  and can be accomplished 
w i t h  less expense t h a n  b u i l d i n g  new c a p a c i t y .  Conserva t ion  w i l l  mini-  
mize t h e  need f o r  m o r e  expens ive  and envi ronmenta l ly  harmful  supply  
o p t i o n s  and w i l l  h e l p  i n  p r o v i d i n g  t i m e  f o r  deve loping  a c c e p t a b l e  sup- 
p l y  s o u r c e s .  The m o s t  conspicuous ,  benign ,  and i n e x h a u s t i b l e  s o u r c e  
of  a l t e r n a t i v e  e n e r g y  i s  so la r  energy.  However, p r e s e n t  l e v e l s  of 
solar r e s e a r c h  funding  and e f f o r t s  t o  d i s s e m i n a t e  it i n  t h e  market- 
p l a c e  a r e  i n a d e q u a t e .  

Unless  w e  change o u r  emphasis away from c e n t r a l i z e d  f o s s i l  and 
n u c l e a r  g e n e r a t i o n  f a c i l i t i e s  towards t h e  more envi ronmenta l ly  benign 
t e c h n o l o g i e s ,  levels o f  many p o l l u t a n t s  w i l l  i n c r e a s e  s h a r p l y  i n  t h e  
n e x t  t w o  decades  which may pose  g r e a t  h a z a r d s  t o  human h e a l t h  and 
food product ion .  
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F i g u r e  3 - - P o t e n t i a l  e f f e c t s  of  s u r f a c e  mining on sha l low a q u i f e r s  (12). 
A :  b e f o r e  mining,  B:  a f t e r  mining,  C :  a f t e r  r e c l a m a t i o n .  

This Mine Can Stop 
Aquifer Flow mis Mine Has 
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F i g u r e  4--Impact Of mine l o c a t i o n  on sha l low a q u i f e r s  (13). 
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Figure 5--Population estimates for Campbell County and Gillette, 
Wyoming, 1975-2000 (15). 

Figure 6--Infiltration of water through collapsed area (16) 
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